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(57) ABSTRACT

Provided 1s a method for manufacturing an electronic
device. The method includes providing a panel to a stage,
providing a circuit board, aligning the circuit board so that
first pads of the circuit board face a first pad area of the panel
and second pads of the circuit board face a second pad area
of the panel, and compressing a first portion of the circuit
board on which the first pads are arranged to the first pad
area ol the panel. The aligning of the circuit board occurs via
by external contact on one surface of the first portion of the
circuit board and one surface of the second portion of the
circuit board.
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METHOD OF MANUFACTURING
ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application claims priority to and the benefit
of Korean Patent Application Nos. 10-2016-0026223 and

10-2016-011677835, filed on Mar. 4, 2016 and Sep. 9, 2016,
respectively, in the Korean Intellectual Property Oflice, the
entire contents of which are hereby incorporated by refer-
ence.

BACKGROUND

1. Field

Aspects of embodiments of the present invention relate to
a method of manufacturing an electronic device and equip-
ment for manufacturing the same.

2. Description of the Related Art

An electronic device generally includes a plurality of
circuit wirings and a plurality of electronic elements con-
nected thereto and 1s operated by receiving an electric signal
(e.g., 1s operated according to a received electric signal). The
clectronic device may, for example, receive an electric
signal to display an 1image or detect a touch.

An electronic device also generally includes a panel and
a driving part (e.g., a driver) for drniving the same. The
driving part may be separately provided and connected to
the panel through a flexible circuit board or may be provided
on a circuit board and directly connected to the panel.

SUMMARY

Embodiments of the present mnvention provide electronic
device manufacturing equipment capable of stably coupling
a circuit board to a plurality of pad areas defined on different
surfaces of a panel.

Embodiments of the present invention also provide an
clectronic device manufacturing method including aligning
a panel to a circuit board with improved accuracy and stably
maintaining coupling therebetween during a manufacturing
process.

An embodiment of the present invention provides a
method for manufacturing an electronic device including a
panel and a circuit board. The panel has an active area, a first
pad area adjacent to the active area, and a second pad area
adjacent to the active area. The circuit board includes a main
portion, a first portion connected to the main portion and
including first pads on one side of the circuit board, a second
portion connected to the main portion, spaced from the first
portion on a plane, and including second pads on another
side of the circuit board. The method includes: providing the
panel to a stage; providing the circuit board; and compress-
ing the first portion of the circuit board to the first pad area
of the panel. The aligning of the circuit board includes
moving the first portion to be on (or over) one side of the
panel by adhering to the one surface thereof and moving the
second portion to be on (or under) another side of the panel
by adhering to the one surface thereof.

The aligning of the circuit board may further include
moving the stage horizontally to move the panel.

The circuit board may further include a third portion
spaced from the second portion with the first portion ther-
cbetween. The third portion may include third pads on the
other side of the circuit board and separate from the first
pads and the second pads, and the circuit board may be
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aligned by external contact occurring concurrently on the
one surface of the first portion, the one surface of the second
portion, and one surface of the third portion.

The panel may further include a third pad area adjacent to
the active area and separate from the first pad area and the
second pad area, and the aligning of the circuit board may
turther include the third portion being arranged on the other
side of the panel.

The method may further include: reversing the panel;
aligning the second portion of the circuit board; and com-
pressing the second portion of the circuit board to the second
pad area of the panel. The reversing of the panel may include
rotating the panel about 180° with respect to a rotational axis
such that the second pad area faces upward, and the rota-
tional axis may have an extension direction crossing a
direction along which the first pad area and the second pad
area are arranged.

The stage may move the panel in a direction parallel to the
extension direction of the rotational axis.

The second portion may be aligned by being vertically
and horizontally moved by using a clamp.

The compressing of the second portion to the second pad
area may be performed 1n a state 1n which the second portion
1s fixed by the clamp.

The second portion may be aligned 1n a state 1n which the
first portion 1s attached to the first pad area.

The compressing of the first portion to the first pad area
may include: performing temporary compression on the first
portion; and performing main compression on the tempo-
rarily compressed first portion. The performing of the main
compression may provide a temperature and pressure that
are greater than a temperature and pressure provided 1n the
performing of the temporary compression to the first por-
tion.

The stage may move the panel after the performing of the
temporary compression and before the performing of the
main compression.

The first portion may be moved in a state 1n which the first
portion 1s temporarily compressed to the first pad area and
before the performing of the main compression.

According to an embodiment of the present invention,
equipment for manufacturing an electronic device includes:
a stage configured to receive a panel having an active area
and a peripheral area including a first pad area and a second
pad area adjacent to the active area on a plane; and a first
compression unit configured to align a circuit board to be
adjacent to the panel and to compress the circuit board to the
panel. The circuit board includes a main portion, a first
portion extending from one side of the main portion, and a
second portion extending from one side of the main portion
and spaced from the first portion, and the first compression
unit mcludes: a fixing and pressing module configured to
adhere to the first portion and compress the first portion to
the first pad area; and a fixing module configured to adhere
to the second portion and align the second portion to be
spaced from the first portion with the panel therebetween.

The first pad area may be on one side of the panel, and the
second pad area may be on the other side of the panel.

The fixing module may adhere to the second portion, the
panel may be arranged such that the one side thereof 1s
above the other side thereof on a cross-section, the fixing
and pressing module may be aligned so that the first portion
1s on the one side of the panel, and the fixing module may
be aligned so that the second portion 1s on the other side of
the panel.

Each of the fixing and pressing module and the fixing

module may adhere to the same surface of the circuit board.
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The fixing and pressing module may include: an adher-
ence part configured to adhere to the first portion; and a
pressing part configured to press the first portion to the first
pad area. The pressing part may press the first portion
adhered by the adherence part.

In the first portion, an area adhered by the adherence part
and an area compressed by the pressing part may overlap
cach other on a plane.

The stage may include: a first support part configured to
support the panel; and a second support part configured to
support at least a portion of the circuit board.

The second support part may support the second portion.

The second support part may adhere to the other surface
of the second portion.

The equipment may further include a backup module
configured to support a portion of the panel when the fixing
and pressing module 1s adhered to the first portion. The first
support part may overlap the active area of the panel, and the

backup module may overlap the first pad area.

The equipment may further include: an additional press-
ing module separate from the pressing module and config-
ured to press the first portion compressed to the panel; and
an additional compression unit separate from the backup
module and including an additional backup module config-
ured to support a portion of the panel. The panel and the
circuit board are coupled to each other by the compression
unit and are provided to the additional compression unit, and
the additional compression unit provides heat and pressure
greater than those applied by the first compression unit.

The stage may move from the compression unit to the
additional compression umnit.

The equipment may further include a second compression
unit configured to compress the second portion of the circuit
board to the panel.

The panel and the circuit board may be provided to the
second compression unit 1n a state 1n which the first portion
1s coupled to the panel.

The second compression unit may include: a clamp mod-
ule configured to clamp at least a portion of the second
portion; and a pressing module configured to press the
second portion on the second pad area.

The panel may be arranged such that the other side 1s
above the one side on a cross-section, and the clamp module
may horizontally and vertically move the second portion
such that the second portion 1s on the other side to overlap
the second pad area on a plane.

The equipment may further include a reverse unit con-
figured to receive the panel and the circuit board and to
reverse the panel. The panel and the circuit board may be
provided to the reverse unit in a state in which the first
portion 1s coupled to the panel.

The stage may move from the first compression unit to the
reverse unit.

The reverse unit may include: a rotation module including
a first base part, an adherence part on one side of the first
base part to adhere to a top surface of the panel and a top
surface of the circuit board, and a rotation part connected to
the first base part to rotate the first base part; and a movable
module on the rotation module and configured to horizon-
tally move. The moveable module may include a second
base part and an adherence part on one side of the second
base part. The rotation module may rotate the panel and the
circuit board so that the other surface of the panel and the
other surface of the circuit board are arranged above the top
surface of the panel and the top surface of the circuit board
on a cross-section, and the movable module may adhere to
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the other surface of the panel and the other surface of the
circuit board to horizontally move the panel and the circuit
board.

The reverse unit may provide the panel and the circuit
board to the second compression unit.

The stage may include a first stage and a second stage,
which are separate from each other, the first stage may pass
through the first compression unit and the reverse unit, and
the second stage may pass through the second compression
unit.

The first stage may include a first support part configured
to support the panel and a second support part configured to
support the second portion, the second stage may include a
third support part configured to support the panel and a
fourth support part configured to support the second portion,
the second support part may {ix the second portion to the
other side of the panel, and the fourth support part may fix
the second portion to one side of the panel.

The equipment may further include: a first 1nspection
module configured to ispect the first pad area; and a second
ispection module configured to mspect the second pad area.
The first inspection module and the second 1nspection mod-
ule may respectively inspect the first pad area and the second
pad area concurrently (e.g., at the same time).

The equipment may further include a third compression
unmt configured to receive the panel and the circuit board
from the second compression unit. The peripheral area may
turther include a third pad area adjacent to the first pad area
and spaced from the second pad area with the first pad area
therebetween on a plane, the circuit board may further
include a third portion connected to the main portion and
spaced from the second portion with the first portion ther-
cbetween on the plane, and the third compression unit may
compress the third portion to the third pad area.

The third pad area may be defined on the other side of the
panel, and the panel may be provided to the third compres-
sion unit 1 a state 1n which the other side thereof 1s above
the one side thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
turther understanding of the present invention and are incor-
porated in and constitute a part of this specification. The
drawings 1llustrate exemplary embodiments of the present
invention and, together with the description, serve to explain
aspects and features of the present invention. In the draw-
ngs:

FIG. 1 1s a perspective view of an electronic device
according to an embodiment of the present invention;

FIG. 2 1s an exploded perspective view of the electronic
device shown in FIG. 1;

FIGS. 3A-3C are cross-sectional views of a partial con-
figuration of the electronic device shown 1n FIG. 1;

FIG. 4 1s a flowchart illustrating a method of manufac-
turing an electronic device according to an embodiment of
the present invention;

FIG. 5SA 1s a flowchart 1llustrating a portion of the method
of manufacturing an electronic device illustrated in FIG. 4;

FIG. 5B 1s a schematic plan view of a portion of electronic
device manufacturing equipment according to an embodi-
ment of the present invention;

FIG. 6 1s a schematic perspective view of electronic
device manufacturing equipment according to an embodi-
ment of the present invention;
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FIGS. 7TA-7TE are cross-sectional views of electronic
device manufacturing equipment according to an embodi-

ment of the present invention;

FIGS. 8A-8F are cross-sectional views of electronic
device manufacturing equipment according to an embodi-
ment of the present ivention;

FIG. 9 1s a flowchart illustrating a portion of the method
of manufacturing an electronic device illustrated in FIG. 4;

FIG. 10 1s a schematic perspective view of a portion of
clectronic device manufacturing equipment according to an
embodiment of the present invention;

FIGS. 11A-11C are cross-sectional views of electronic
device manufacturing equipment according to an embodi-
ment of the present invention;

FIG. 12 1s a schematic cross-sectional view of electronic
device manufacturing equipment according to an embodi-
ment of the present invention;

FIG. 13A 1s a perspective view of an electronic device
according to an embodiment of the present invention;

FIG. 13B 1s an exploded perspective view of the elec-
tronic device shown in FIG. 13A;

FIG. 14A 1s a tlowchart illustrating a method of manu-
facturing an electronic device according to an embodiment
of the present invention;

FIG. 14B 1s a tlowchart illustrating a partial process of the
method of manufacturing an electronic device 1illustrated in
FIG. 14A;

FIG. 15A 1s a perspective view of electronic device
manufacturing equipment according to an embodiment of
the present invention; and

FIG. 15B 1s a cross-sectional view of the electronic device
manufacturing equipment shown 1 FIG. 15A.

DETAILED DESCRIPTION

It will be understood that when an element or layer 1s
referred to as being “on,” “connected to,” or “coupled to”
another element or layer, 1t may be directly on, connected,
or coupled to the other element or layer or one or more
intervening elements or layers may also be present. When an
clement or layer i1s referred to as being “directly on,”
“directly connected to,” or “directly coupled to” another
clement or layer, there are no 1intervening elements or layers
present. For example, when a first element 1s described as
being “coupled” or “connected” to a second element, the
first element may be directly coupled or connected to the
second element or the first element may be indirectly
coupled or connected to the second element via one or more
intervening elements. The same reference numerals desig-
nate the same elements. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Further, the use of “may” when
describing embodiments of the present invention relates to
“one or more embodiments of the present invention.”
Expressions, such as “at least one of,” when preceding a list
of elements, modily the entire list of elements and do not
modily the individual elements of the list. Also, the term
“exemplary” 1s mtended to refer to an example or illustra-
tion. As used herein, the terms “use,” “using,” and “used”
may be considered synonymous with the terms “utilize,”
“utilizing,” and “utilized,” respectively.

It will be understood that, although the terms first, second,
third, etc. may be used herein to describe various elements,
components, regions, layers, and/or sections, these elements,
components, regions, layers, and/or sections should not be
limited by these terms. These terms are used to distinguish
one clement, component, region, layer, or section from
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another element, component, region, layer, or section. Thus,
a first element, component, region, layer, or section dis-
cussed below could be termed a second element, component,
region, layer, or section without departing from the teach-
ings of example embodiments. In the figures, dimensions of
the various elements, layers, etc. may be exaggerated for
clarity of 1illustration.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper,” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass diflerent orientations of the
device 1n use or operation in addition to the ornentation

depicted 1n the figures. For example, 1f the device in the

figures 1s turned over, elements described as “below” or

“beneath” other elements or features would then be oriented
“above” or “over”’ the other elements or features. Thus, the
term “‘below” may encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations), and the spatially relative
descriptors used herein should be interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular example embodiments of the present invention
and 1s not mtended to be limiting of the described example
embodiments of the present invention. As used herein, the
singular forms “a” and “an” are intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“includes,” “including,” “comprises,” and/or “comprising,”
when used 1n this specification, specily the presence of
stated features, integers, steps, operations, elements, and/or
components but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof.

The electronic element and/or any other relevant devices
or components according to embodiments of the present
invention described herein may be implemented utilizing
any suitable hardware, firmware (e.g., an application-spe-
cific mtegrated circuit), software, and/or a suitable combi-
nation of software, firmware, and hardware. For example,
the various components of the electronic element may be
formed on one ntegrated circuit (IC) chip or on separate IC
chups. Further, the various components of the electronic
clement may be implemented on a flexible printed circuit
film, a tape carrier package (TCP), a printed circuit board
(PCB), or formed on a same substrate as the electronic
clement. Further, the various components of the electronic
clement may be a process or thread, running on one or more
processors, 1n one or more computing devices, executing
computer program instructions and interacting with other
system components for performing the various functional-
ities described herein. The computer program instructions
are stored 1n a memory which may be implemented 1n a
computing device using a standard memory device, such as,
for example, a random access memory (RAM). The com-
puter program instructions may also be stored in other
non-transitory computer readable media such as, for
example, a CD-ROM, flash drive, or the like. Also, a person
of skill 1n the art should recognize that the functionality of
various computing devices may be combined or integrated
into a single computing device or the functionality of a
particular computing device may be distributed across one
or more other computing devices without departing from the
scope of the exemplary embodiments of the present inven-
tion.
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Hereinatter, an electronic device, such as a display appa-
ratus, according to embodiments of the present immvention
will be described with reference to the drawings.

FIG. 1 1s a perspective view of an electronic device
according to an embodiment of the present invention. FIG.
2 1s an exploded perspective view of the electronic device
shown in FIG. 1. Heremnafter, an electronic device 100
according to an embodiment of the present invention will be
described with reference to FIGS. 1 and 2.

The electronic device 100 may be operated according to
an electric signal and may include, as examples, a display
device or a touch screen. As 1llustrated in FIGS. 1 and 2, the
clectronic device 100 may be a display device 100, and the
display device 100 includes a panel PN, a circuit board FB,
and a plurality of coupling members AF1 and AF2.

The panel PN 1s activated according to an electric signal.
The panel PN may include various electronic elements
driven according to an electric signal. In the 1illustrated
embodiment, the panel PN may have a plate shape on a plane
defined by a first direction D1 and a second direction D2.
However, the present invention 1s not limited by the shape
of the panel PN. For example, the panel PN, according to
other embodiments of the present invention, may have
various suitable shapes.

The panel PN may be divided into an active area AA and
a peripheral area NAA on a plane. The active area AA may
have a rectangular shape parallel to the plane defined by the
first direction D1 and the second direction D2. However, the
present imvention 1s not limited by the shape of the active
area AA. For example, the active area AA, according to
other embodiments of the present invention, may have
various suitable shapes.

The active areca AA may be activated according to an
clectric signal.

For example, the active area AA may be a display area for
displaying an image according to an electric signal. In other
embodiments, the active area AA may be a touch area for
detecting a touch applied from the outside according to an
clectric signal. However, the present invention 1s not limited
by the types of the panel PN. For example, the panel PN,
according to other embodiments of the present invention,
may be an electronic panel configured to perform various
operations.

The peripheral arca NAA 1s disposed adjacent to the
active area AA. In the illustrated embodiment, the peripheral
area NAA has a frame shape surrounding an edge of (e.g.,
surrounding a periphery of) the active areca AA. However,
the present invention 1s not limited by the shape of the
peripheral area NAA. For example, the peripheral area NAA
may have various suitable shapes as long as the peripheral
area NAA 1s disposed adjacent to at least one side (or edge)
of the active area AA.

The peripheral area NAA may include a first pad area PA1
and a second pad area PA2. The first pad area PA1 and the
second pad area PA2 are spaced from (e.g., spaced apart
from) each other on a plane.

A plurality of first panel pads PP1 may be disposed on the
first pad area PA1, and a plurality of second panel pads PP2
may be disposed on the second pad area PA2. The first panel
pads PP1 and the second panel pads PP2 may receive and/or
output different electric signals.

In some embodiments, the first panel pads PP1 and the
second panel pads PP2 may be disposed on diflerent surfaces
(e.g., on different surfaces of the panel PN). For example,
the first panel pads PP1 may be disposed on a top surface of
the panel PN, and the second panel pads PP2 may be
disposed on a bottom surface of the panel PN. Accordingly,
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a surface on which the first pad area PA1 1s defined and a
surface on which the second pad area PA2 1s defined may be
different from each other.

The circuit board FB includes an insulation layer, a
plurality of circuit wirings CLL mounted on the insulation
layer, and circuit pads BP1 and BP2 respectively connected
to the circuit wirings CL. Each of the circuit wirings CL may
receive an electric signal from the circuit pads BP1 and BP2

or may provide an electric signal to the outside (e.g., to the
panel PN) through the circuit pads BP1 and BP2.

The circuit board FB may include an electronic element
mounted on the insulation layer and connected to the circuit
wirings CL. The electronic element may be operated by
receiving an electric signal (e.g., may be operated according
to a received electric signal) from a portion of (e.g., from
some of or a group of) the circuit wirings CL connected
thereto and may output a corresponding electric signal to
another portion of (e.g., to some other ones of or another
group of) the connected circuit wirings CL.

The circuit board FB includes a main portion MP, a first
portion CP1, and a second portion CP2. The main portion
MP may have a shape having a length extending in the first
direction D1 and a width extending in the second direction
D2. However, the present mvention 1s not limited by the
shape of the main portion MP. For example, the main portion
MP, accordmg to embodiments of the present invention, may
have wvarious suitable shapes. The -electronic element
mounted on the circuit board and a portion of the circuit
wirings CL connected to the electronic element from among,
the circuit wirings CL may be disposed on the main portion
MP.

Each of the first portion CP1 and the second portion CP2
extends from one side (e.g., one edge) of the main portion
MP (e.g., the same side or edge of the main portion MP). The
first pads BP1 and the circuit wirings CL connected to the
first pads BP1 (e.g., the portion of or the group of the circuit
wirings CL connected to the first pads BP1) from among the
circuit wirings CL may be disposed on the first portion CP1.
The second pads BP2 and the circuit wirings CL connected
to the second pads BP2 (e.g., the portion of or the group of
the circuit wirings CL connected to the second pads BP2)
from among the circuit wirings CL may be disposed on the
second portion CP2. The circuit wirings CL connect the first
and second pads BP1 and BP2 to the electronic element.

In the illustrated embodiment, the first portion CP1 and
the second portion CP2 protrude from the main portion MP
in the same direction. However, the present invention 1s not
limited by the shapes of the first and second portions CP1
and CP2. For example, each of the first and second portions
CP1 and CP2 may have various suitable shapes.

The first pads BP1 and the second pads BP2 may receive
and/or output different electric signals from and/or to the
panel PN. The first pads BP1 and the second pads BP2 may
be electrical connections between (e.g., may be passages for
clectrically connecting) the electric element mounted on the
main portion MP and the panel PN.

The first pads BP1 and the second pads BP2 may be
respectively disposed on different surfaces (e.g., on diflerent
surfaces of the circuit board FB). For example, as illustrated
in FI1G. 2, the first pads BP1 may be disposed on a bottom
surface of the first portion CP1, and the second pads BP2
may be disposed on a top surface of the second portion CP2.
In other embodiments, the first pads BP1 may be disposed
on the top surface of the first portion CP1, and the second
pads BP2 may be disposed on the bottom surface of the
second portion CP2.
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The conductive coupling members AF1 and AF2 are
provided between the circuit board FB and the panel PN.
Each of the conductive coupling members AF1 and AF2
may be adhesive. Accordingly, the plurality of conductive
coupling members AF1 and AF2 may physically couple the
circuit board FB to the panel PN.

Each of the plurality of conductive coupling members
AF1 and AF2 may be electrically conductive. Accordingly,
the plurality of conductive coupling members AF1 and AF2
clectrically couple the circuit board FB to the panel PN. For
example, the plurality of conductive coupling members AF1
and AF2 connect the panel pads PP1 and PP2 of the panel
PN to the pads BP1 and BP2 of the circuit board FB,
respectively.

Each of the plurality of conductive coupling members
AF1 and AF2 may be a conductive adhesion member, such
as, Tor example, an anisotropic conductive film (ACF). The
plurality of conductive coupling members AF1 and AF2
physically couple and electrically connect the circuit board
FB to the panel PN.

The plurality of conductive coupling members AF1 and
AF2 include a first conductive coupling member AF1 and a
second conductive coupling member AF2. The first conduc-
tive coupling member AF1 and the second conductive
coupling member AF2 may be independent from each other
(e.g., may be separate components).

The first conductive coupling member AF1 1s disposed on
the bottom surface of the first portion CP1 to cover the first
pads BP1. The first conductive coupling member AF1
couples the first portion CP1 to the panel PN. The first panel
pads PP1, the first pads BP1, and the first conductive
coupling member AF1 overlap each other on a plane 1n a
state 1n which the circuit board FB 1s coupled to the panel
PN.

The second conductive coupling member AF2 1s disposed
on the top surface of the second portion CP2 to cover the
second pads BP2. The second conductive coupling member
AF2 couples the second portion CP2 to the panel PN. The
second panel pads PP2, the second pads BP2, and the second
conductive coupling member AF2 overlap each other on a
plane 1n the state in which the circuit board FB 1s coupled to
the panel PN.

As the circuit board FB, according to an embodiment of
the present invention, includes the plurality of pads BP1 and
BP2 disposed on surfaces different from each other, the first
portion CP1 and the second portion CP2 may be cross-
coupled to the panel PN (e.g., may be coupled to the panel
PN 1n a crossed-type configuration) in a cross-section. For
example, the circuit board FB (e.g., one circuit board FB)
may be electrically connected to both surfaces (e.g., opposite
surfaces or upper and lower surfaces) of the panel PN.

A first portion P1 and a second portion P2 may be defined
on at least a portion of the first portion CP1 and the second
portion CP2, respectively. The first portion P1 may be a
portion of the first portion CP1 on which the first conductive
coupling member AF1 1s disposed, and the second portion
P2 may be a portion of the second portion CP2 on which the
second conductive coupling member AF2 1s disposed.

A third portion P3 may be defined on at least a portion of
the circuit board FB. The third portion P3 may be adjacent
to the second portion P2. The third portion P3 may not
overlap the second conductive coupling member AF2 and
may also not overlap the circuit wirings CL.

The third portion P3 may be a portion of the second
portion CP2 on which the second portion P2 is not defined
or a portion of the main portion MP that does not overlap the
circuit wirings CL. The third portion P3, defined on one side
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of the second portion P2, 1s 1llustrated 1n FIG. 2. However,
the present invention 1s not limited by the position of the
third portion P3. For example, the third portion P3, accord-
ing to embodiments of the present invention, may be defined
in various suitable areas.

The third portion P3 may be a portion that contacts a
portion of a fixing tool that will be further described later.

FIGS. 3A-3C are cross-sectional views of a partial con-
figuration of the electronic device shown 1n FIG. 1. Panels
PN-A, PN-B, and PN-C, according to diflerent embodiments
of the present invention, are illustrated in FIGS. 3A-3C,
respectively.

As 1llustrated 1n FIG. 3 A, the panel PN-A, according to an
embodiment of the present invention, may be a touch panel.
The panel PN-A may include a substrate SUB, a first

clectrode layer TE1, a second electrode layer TE2, first panel
pads PP1-A, and second panel pads PP2-A.

Each of the first electrode layer TE1 and the second
clectrode layer TE2 may include a plurality of conductive
patterns. The conductive patterns of the first electrode layer
TE1 and the conductive patterns of the second electrode
layer TE2 may be arranged in directions crossing each other.

The first electrode layer TE1 may be disposed on a top
surface US of the substrate SUB, and the second electrode
layer TE2 may be disposed on a bottom surface LS of the
substrate SUB. The first electrode layer TE1 and the second
clectrode layer TE2 may be insulated (e.g., may be isulated
from each other) by the substrate SUB.

The first electrode layer TE1 may be connected to the
outside through the first panel pads PP1-A, and the second
clectrode layer TE2 may be connected to the outside through
the second panel pads PP2-A. The panel PN-A may detect a
touch provided to the active area AA of the panel PN-A
through the first electrode layer TE1 and the second elec-
trode layer TE2.

A panel, according to another embodiment of the present
invention, may be a touch screen panel including a touch
sensor layer TSL for detecting a touch applied from the
outside and a pixel layer PXL for displaying an 1mage. The
panels PN-B and PN-C, each corresponding to a touch
screen panel, are illustrated 1 FIGS. 3B and 3C, respec-
tively.

The touch sensor layer TSL may include a conductive
layer including a plurality of conductive patterns and an
insulation layer. The touch sensor layer TSL may include the
first electrode layer TE1 and the second electrode layer TE2,
both of which are illustrated 1in FIG. 3A, and the insulation
layer disposed between the first electrode layer TE1 and the
second electrode layer TE2. In other embodiments, the touch
sensor layer TSL may include a single sensor electrode layer,
a connecting electrode layer disposed on the electrode layer,
and an insulation layer disposed between the sensor elec-
trode layer and the connecting electrode layer. However, the
touch sensor layer TSL may have various suitable structures
configured to detect a touch applied from the outside, and
the present invention 1s not limited to the described embodi-
ments.

The pixel layer PXL may include a plurality of pixels,
cach of which includes a thin film transistor and a display
clement connected thereto. The display element may display
an 1mage according to an electric signal. For example, the
display element may include an organic light emitting ele-
ment, a liquid crystal capacitor, an electrophoretic element,
and/or an electrowetting element. However, the present
invention 1s not limited by these types of display elements.
For example, the pixel layer PXL, according to an embodi-
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ment of the present invention, may include the display
clement having various suitable shapes.

As 1llustrated 1n FIG. 3B, the panel PN-B may include a
pixel layer PXL disposed on one surface US of the substrate
SUB and a touch sensor layer TSL disposed on the pixel
layer PXL. The pixel layer PXL and the touch sensor layer
TSL are disposed on the same surface.

In some embodiments, first panel pads PP1-B may be
connected to one of the pixel layer PXL and the touch sensor
layer TSL, and second panel pads PP2-B may be connected
to the other one of the pixel layer PXL and the touch sensor
layer TSL. The other of the pixel layer PXL and the touch

sensor layer TSL may pass through the substrate SUB and
may be connected to the second panel pads PP2-B. Accord-
ingly, a signal wiring for controlling the pixel layer PXL and
a signal wiring for controlling the touch sensor layer TSL
may be disposed on surfaces different from each other to
reduce an eflect (e.g., an electromagnetic eflect) on each
other.

In other embodiments, the first panel pads PP1-B may be
connected to a portion of the pixel layer PXL and a portion
of the touch sensor layer TSL, and the second panel pads
PP2-B may be connected to the other portion of the pixel
layer PXL and the other portion of the touch sensor layer
TSL.

As 1llustrated m FIG. 3C, the panel PN-C may include a
pixel layer PXL disposed on one surface US of the substrate
SUB and a touch sensor layer TSL disposed on the other
surface LS of the substrate SUB. The pixel layer PXL and
the touch sensor layer TSL are disposed on surfaces diflerent
from each other. Accordingly, the first panel pads PP1-C and
the second panel pads PP2-C may transmit signals diflerent
from each other on layers diflerent from each other. How-
ever, the present invention 1s not limited thereto.

As both surfaces of the substrate SUB are electrically
activated, the electronic device, according to an embodiment
of the present invention, may provide a thin film type
clectronic device or an electronic device having a complex
function. Also, according to an embodiment of the present
invention, the plurality of panel pads may be distributed on
surfaces different from each other to prevent interference
between the panel pads and a usable area, on which the panel
pads are disposed, may be expanded. Also, according to an
embodiment of the present invention, because the pad areas
disposed on the surfaces different from each other are
connected through one circuit board, a simplified electronic
device may be provided.

FIG. 4 1s a flowchart illustrating a method of manufac-
turing an electronic device according to an embodiment of
the present invention. As illustrated 1n FIG. 4, to manufac-
ture an electronic device according to an embodiment of the
present nvention, first, a process (S100) of providing a
substrate and a process (S200) of providing a circuit board
are performed. In this embodiment, the substrate and the
circuit board are sequentially provided. However, this is
only an exemplarily embodiment and, thus, the sequence 1s
changeable. In some embodiments, the substrate and the
circuit board may be provided at the same time (e.g.,
concurrently).

The process (S100) of providing the substrate may
include providing a conductive coupling member to the
substrate, and the process (S200) of providing the circuit
board may include providing the conductive coupling mem-
ber to the circuit board.

Thereatfter, a process (S300) of compressing a first pad 1s
performed. In the process (S300) of compressing the first
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pad, the first pad of the circuit board may be compressed on
a first pad area of the substrate.

Thereatter, a process (S400) of reversing 1s performed.
The circuit board and the substrate, which are coupled to
cach other through the first pad, may be reversed (e.g.,
flipped over) such that a second pad area of the substrate
may face upward. A further detailed description of this
process will be provided later.

Thereatter, a process (S500) of compressing a second pad
1s performed. In the process (S500) of compressing the
second pad, the second pad of the circuit board may be
compressed on the second pad area of the substrate.

Thereatter, a process (S600) of inspecting 1s performed.
The process (S600) of inspecting may be performed 1n a
state 1n which the second pad faces upward. In some
embodiments, the process of reversing (e.g., flipping over)
may occur before the process (S600) of mspecting, and
accordingly, the process (S600) of mspecting may be per-
formed 1n a state 1 which the first pad faces upward. A
turther detailed description of this process will be provided
later.

FIG. 5A1s a flowchart 1llustrating a portion of the method
of manufacturing the electronic device illustrated 1n FIG. 4.
FIG. 5B 1s a schematic plan view of a portion of electronic
device manufacturing equipment according to an embodi-
ment of the present invention. Referring to FIGS. SA and
5B, the method of manufacturing an electronic device
according to an embodiment of the present invention will be

turther described.

As 1llustrated 1n FIG. 5A, the process (refer to S300 1n
FIG. 4) of compressing the first pad may include a process
(S310) of aligning the first pad, a process (S320) of per-
forming temporary compression, and a process (S330) of
performing main compression. The process (S310) of align-
ing the first pad, the process (S320) of performing the
temporary compression, and the process (S330) of perform-
ing the main compression may be sequentially performed.

For ease of description, a stage ST, a first unit UN1, and
a second unit UN2 of components of the electronic device
manufacturing equipment are illustrated in FIG. 5B. The
process (S310) of aligning the first pad and the process
(S320) of performing the temporary compression may be
performed 1n the first unit UN1. The process (S330) of
performing the main compression may be performed 1n the
second unit UN2.

In this embodiment, the process (5320) of performing the
temporary compression and the process (S330) of perform-
ing the main compression may be separately performed by
separate units. Accordingly, the process (8320) of perform-
ing the temporary compression and the process (S330) of
performing the main compression, which have process
parameters different from each other, may be independently
controlled and consecutively performed without break time
or substantially without break time (e.g., without a waiting
period or substantially without a waiting period) to prepare
a process parameter or environment, thereby reducing pro-
cess time.

The stage ST may be commonly used 1n the first umit UN1
and the second unit UN2. The stage ST may be moved from
the first umit UN1 to the second unmit UN2. A direction in
which the first unit UN1 1s spaced from the second umt UN2
may be a movement direction DR-R of the substrate.

In the manufacturing equipment according to an embodi-
ment of the present invention, the stage ST may pass through
the plurality of units UN1 and UN2. Accordingly, the panel
PN (refer to FIG. 1) and the circuit board FB (refer to FIG.

1) may be provided to the second unit UN2 in a state in
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which the panel PN and the circuit board FB are temporarily
compressed by the first unit UN1. Accordingly, although the
process (S320) of performing the temporary compression
and the process (S330) of performing the main compression
are performed by the units UN1 and UN2, which are
different from each other, the temporarily compressed state
may be easily maintained to increase process stability.

However, the present invention 1s not limited to the
above-described processes. For example, the electronic
device manufacturing equipment according to an embodi-
ment of the present invention may perform the process
(S320) of performing the temporary compression and the
process (S330) of performing the main compression by
using one unit. Hereinafter, the electronic device manufac-
turing equipment according to an embodiment of the present
invention will be further described with reference to the
drawings.

FIG. 6 1s a schematic perspective view of electronic
device manufacturing equipment according to an embodi-
ment of the present imvention. FIGS. 7A-7E are cross-
sectional views of the electronic device manufacturing
equipment according to an embodiment of the present
invention. For ease of description, in FIGS. 7A-7E, the
clectronic device manufacturing equipment 1s 1llustrated
according to a manufacturing process.

Hereinaliter, an embodiment of the present mnvention will
be described with reference to FIGS. 6-7E. The same or
substantially similar elements or components as those
described 1 FIGS. 1-5B are designated by the same refer-
ence symbols, and repeated descriptions therecol may be
omitted.

As 1llustrated 1n FIGS. 6 and 7A, a first compression unit
couples the first portion CP1 to the panel PN. For example,
in the first compression unit, the first portion CP1 may be
aligned to be disposed adjacent to the panel PN and com-
pressed on the first pad area PAL.

The first compression unit includes a first module P11 and
a second module PT2. The first module P11 (hereinafter
referred to as a fixing and pressing module) fixes and presses
the first portion CP1. The fixing and pressing module PT1
may include an adherence part AD1, a pressing part PR, and
a length part SF.

The adherence part AD1 adheres to (e.g., 1s releasably
fixed to) a top surface of the first portion CP1. Adhesion, as
used 1n this specification, may include adherence according
to a shape, such as a concave projection, and/or adherence
according to flow control of air (e.g., vacuum adherence).
The adherence part AD1 may externally contact a top
surface of the first portion CP1. The first portion CP1 may
be fixed to the first module P11 by the adherence part AD1
and may be moved by movement of the first module PT1.

The pressing part PR presses the top surface of the first
portion CP1. The pressing part PR applies a pressure (e.g.,
a predetermined pressure) to the first portion CP1 to easily
couple the first portion CP1 to the first pad areca PAl. The
pressing part PR may provide heat (e.g., predetermined heat)
to the first portion CP1 (e.g., the pressing part PR may heat
the first portion CP1). The heat and pressure activates the
first conductive adhesion member AF1 disposed between the
first portion CP1 and the panel PN to allow the first portion
CP1 to be stably coupled to the first pad areca PAl. As the
pressing part PR compresses the first portion CP1, the first
pads P1 (refer to FIG. 2) of the first portion CP1 and the first
panel pads PP1 (refer to FIG. 2) may be electrically con-
nected to each other.

The length part SF physically connects the adherence part
AD1 and the pressing part PR to a main body. The length
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part SF may have a linear shape extending in the third
direction D3. A change of length of the length part SF (e.g.,
extension of the length path SF) may control a vertical
movement of the pressing part PR and the adherence part
AD1. And a change of movement of the length part SF (e.g.,
displacement of the length path SF) in a plan view may
control a horizontal movement of the pressing part PR and
the adherence part AD1.

The second module P12 (heremnafter referred to as a
fixing module) fixes the second portion CP2. As the fixing
module PT2 adheres to (e.g., 1s releasably fixed to) a top
surface of the second portion CP2, the second portion CP2
may be fixed to the fixing module PT2. The second portion
CP2 may be moved by movement of the fixing module PT2.

The fixing module P12 includes a length part LP and an
adherence part AD2. The length part LP of the fixing module
P12 extends in the third direction D3. The length part LP of
the fixing module PT2 and the length part SF of the first
module P11 may be parallel (or substantially parallel) to
cach other.

The adherence part AD2 of the fixing module PT2 adheres
to the top surface of the second portion CP2. Accordingly,

the second portion CP2 1s fixed to the fixing module PT2.
The second portion CP2 may be moved by the movement of
the fixing module PT2.

FIGS. 7A-7C are cross-sectional views of the process
(S310) of aligning of the first pad, and FIGS. 7D and 7E are
cross-sectional views of the process (8320) of performing
the temporary compression.

As 1llustrated 1n FIGS. 6 and 7A-7C, when the panel PN
1s provided to the first compression unit, the first compres-
s1on unit moves the circuit board FB so that the circuit board
FB 1s aligned to be disposed adjacent to the panel PN (e.g.,
to be adjacent to the panel PN).

The panel PN may be provided by or through the stage S'T.
The stage ST may receive the panel PN from outside of the
first compression unit and may move the panel PN to the first
compression unit. However, the present imvention i1s not
limited by the position of the stage ST. For example, the
stage ST may be disposed on the first compression unit.

The stage ST includes a first support part BD. The first
support part BD supports the panel PN. The first support part
BD may overlap the active area AA of the panel PN on a
plane. The panel PN may be disposed on the first support
part BD such that the first pad area PA1 protrudes outside of
the first support part BD.

The fixing and pressing module PT1 and the fixing
module P12 move the circuit board FB to be disposed
adjacent to the panel PN. As the fixing and pressing module
PT1 and the fixing module P12 move, the first portion CP1,
which 1s fixed to the fixing and pressing module P11, and the
second portion CP2, which 1s fixed to the fixing module P12,
may be moved to be disposed adjacent to the portion of the
panel PN protruding outside the first support part BD.

As 1llustrated 1n FIG. 7A, the fixing and pressing module
PT1 aligns the first portion CP1 such that the first portion
CP1 1s disposed above (or extends above) the panel PN. For
example, the first portion CP1 contacts the adherence part
ADI1 of the fixing and pressing module PT1.

The fixing module PT2 may align the second portion CP2
such that the second portion CP2 1s disposed below (or
extends below) the panel PN. The second portion CP2
contacts the adherence part AD2 of the fixing module P12,
and the fixing module P12 aligns the second portion CP2
below the panel PN through vertical movement of the length
part LP.
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In the illustrated embodiment, the circuit board FB may
be disposed adjacent to the panel PN and then vertically
moved to determine the positions of the first portion CP1 and
the second portion CP2. Accordingly, as the stage ST
horizontally moves the panel PN, a positional relationship
between the panel PN and the circuit board FB on a plane
may be adjusted. According to an embodiment of the present
invention, fine alignment between the circuit board FB and
the panel PN may be performed by the vertical movement of
cach of the fixing and pressing module PT1 and the fixing
module P12 and the horizontal movement of the first
support part BD of the stage ST.

Thereafter, as illustrated in FIG. 7B, the second portion
CP2 may be fixed by a second support part FX. Thereafter,
as illustrated 1n FIG. 7C, the second portion CP2 may be
stably fixed below (e.g., may be stably positioned below) the
panel PN by the second support part FX after the fixing
module P12 1s removed (e.g., after the second portion CP2
1s released from the fixing module PT2). Accordingly, in a
process ol compressing the first portion CP1, which will be
performed later, an interference problem caused by the
second portion CP2 may be prevented.

The second support part FX may be connected to the stage
ST. As the stage ST further includes the second support part
FX, both of the panel PN and the circuit board FB may be
stably supported during these processes.

The second support part FX may adhere to the second
portion CP2. Accordingly, the second support part FX may
stably fix the position of the second portion CP2 regardless
of external mfluence. However, the present invention 1s not
limited by the position of the second support part FX. For
example, the second support part FX may physically support
the second portion CP2 so that the second portion CP2 1s not
deflected or 1s not substantially detlected.

The second support part FX may be separately provided
with respect to the stage ST. For example, the second
support part FX may be one component of the first com-
pression unit or a component separate from the first com-
pression unit and the stage ST. In such embodiments, the
second support part FX may be controlled independently
from the first compression unit or the stage ST. However, the
second support part FX 1s not limited thereto.

Thereafter, as illustrated 1n FIGS. 7D and 7E, a portion of
the panel PN may be supported by using a backup module
SP, and the first portion CP1 may be pressed by using the
pressing part PR. In the 1llustrated embodiment, the backup
module SP supports at least a portion of the panel PN. The
backup module SP may support a portion of the panel PN
that 1s not supported by the first support part BD.

The backup module SP may include a length part HP and
a head part BP. The length part HP may extend in the third
direction D3. The length part HP may support the head part
BP. The head part BP contacts the lower surface of the panel
PN to support the panel PN. The head part BP may support
the first pad area PA1 (refer to FIG. 2) of the panel PN.

Because the second portion CP2 1s fixed while being
spaced from the first portion CP1 in the first direction D1
(e.g., because the second portion CP2 1s offset along a same
plane as the head part BP), a portion of the second portion
CP2 that overlaps the head part BP 1s illustrated by a dotted
line. For example, the backup module SP overlaps the first
portion CP1 and does not overlap the second portion CP2 on
a plane.

Thereafter, the pressing part PR i1s vertically moved to
press the first portion CP1. The pressing part PR may be
vertically moved by or along the length part SF of the fixing
and pressing module PT1. The pressing part PR may cover
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more than the first pad area PA1 (refer to FIG. 2). In the
illustrated embodiment, the backup module SP, the first pad
area PA1, and the pressing part PR may overlap each other
on a plane.

Because the electronic device manufacturing equipment
according to an embodiment of the present invention further
includes the backup module SP, the panel PN may not be
deformed 1n the process (S330) of performing the main
compression. Also, the pressure of the pressing part PR may

be stably applied to the circuit board FB and the panel PN.

FIGS. 8A-8F are cross-sectional views of electronic
device manufacturing equipment according to an embodi-
ment of the present invention. For ease of description, a
variation of the electronic manufacturing equipment accord-
ing a manufacturing process 1s illustrated 1n FIGS. 8 A-8F.
Hereinafter, with reference to FIGS. 8A-8F, the electronic
device manufacturing equipment will be further described.
The same or substantially similar elements as those
described 1n FIGS. 1-7D are designated by the same refer-
ence symbols, and repeated descriptions thereol may be
omitted.

Schematic cross-sectional views of a reverse unit accord-
ing to a manufacturing process are illustrated in FIGS.
8A-8F. FIGS. 8A-8F may correspond to the process (S400)
of reversing 1llustrated 1n FIG. 4.

As 1llustrated in FIGS. 8A-8C, the reverse unit may
include a rotation module RM and a movable module MM.
When the panel PN, to which the first portion CP1 1s
coupled, 1s provided to the reverse unit through the stage
ST1 (e.g., the stage ST as shown 1 FIGS. 7A-E) including
the first support part BD1 (e.g., the first support part BD as
shown 1 FIGS. 7A-E) and the second support part FX1
(e.g., the second support part FX as shown 1 FIGS. 7B and
7C), the rotation module RM may be moved to be disposed
adjacent to the panel PN.

The rotation module RM may include a base part BP1, an
adherence part AP1, and a rotation part BP. The base part
AP1 may have a plate shape parallel to a plane defined by
the first direction D1 and the second direction D2. The plate
shape may have a shape corresponding to the panel PN or a
shape having a length extending 1n the second direction D2
and a width extending in the first direction D1.

The adherence part AP1 adheres to at least the top surface
of the panel PN. Because the panel PN 1s fixed to the rotation
module RM by the adherence part AP1, the panel PN may
be moved by movement of the rotation module RM.

A plurality of adherence parts AP1 may be provided to
adhere to the top surface of the panel PN, a top surface of
the first portion CP1, and a top surface of the main portion
MP. When the plurality of the adherence parts AP1 1is
provided to increase an area contacting the panel PN, the
panel PN may be stably fixed to the rotation module RM.
Also, because the adherence part AP1 also adheres to the
first portion CP1 and the main portion MP, coupling between
the first portion CP1 and the panel PN may be stably
maintained.

The rotation part RP rotates the base part BP1. The
rotation part RP rotates the rotation module RM with respect
to a rotational shaft extending 1n the second direction D2. As
the rotation module RM rotates the panel PN with respect to
the shait extending in the second direction D2, a position at
which the circuit board FB 1s disposed on a plane may be
equally maintained (e.g., the circuit board FB may be rotated
along with the panel PN). The panel PN may be reversed
(e.g., rotated or tlipped) by rotation of the rotation module
RM such that the second portion CP2 faces upward.
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Thereatter, as 1llustrated in FIG. 8D, the movable module
MM and the rotation module RM are disposed adjacent to
cach other (e.g., are moved to be adjacent to each other) to
allow the movable module MM to contact the panel PN. The
movable module MM receives the panel PN and the circuit
board FB coupled to the panel PN from the rotation module
RM.

The moveable module MM 1ncludes a base part BP2 and
adherence parts AP2 (e.g., adherence parts AP21 and AP22).
The base part BP2 of the movable module MM may be
parallel to the base part BP1 of the rotation module RM on
a plane. The base part BP2 of the movable module MM may
overlap at least a portion of the panel PN.

At least one of the adherence parts AP21 and AP22 may
adhere to the panel PN (in the embodiment illustrated in
FIG. 8D, the adherence part(s) AP21 adhere to the panel
PN). Because the bottom surface of the panel PN faces
upward after the panel PN is reversed, the at least one of the
adherence parts AP21 and AP22 may contact the bottom

surface of the panel PN.
The other of the adherence parts AP21 and AP22 may

adhere to the circuit board FB (in the embodiment 1llustrated
in FIG. 8D, the adherence part(s) AP22 adhere to the circuit
board FB). The movable module MM may stably move the
panel PN and the circuit board FB by the adherence parts
AP21 and AP22.

Thereatter, as 1llustrated in FIGS. 8E and 8F, the movable
module MM may horizontally move the panel PN to provide
it to a second stage ST2. The second stage ST2 may be
separate from the first stage ST1. The second stage ST2
includes a first support part BD2 and a second support part
FX2. The first support part BD2 contacts the top surface of
the panel PN to support the panel PN. The second support
part FX2 may support the second portion CP2 disposed
above the panel PN.

The first support part BD2 of the second stage may
correspond to (e.g., may be substantially similar to) the first
support part BD1 of the first stage ST1. While the second
support part FX2 of the second stage ST2 may approxi-
mately correspond to the second support part FX1 of the first
stage ST1, the second support part FX2 of the second stage
ST2 may have a different height than the second support part
FX1 of the first stage ST1.

Because the second stage ST2, according to an embodi-
ment of the present invention, further includes the second
support part FX2, by which the second stage ST12 1s distin-
guished from the ﬁrst stage ST1, the second portion CP2 of
the panel PN may be stably supported while the position
thereol 1s changed according to the reversal of the panel PN.
However, the second support part FX2 may be omitted from
the electronic device manufacturing equipment according to
other embodiments of the present invention.

Because the reverse unit, according to an embodiment of
the present invention, includes the movable module MM,
although the panel PN 1s moved to the different stages, an
ellect (e.g., stress) on the coupling between the panel PN and
the circuit board FB may be reduced or minimized.

FIG. 9 1s a flowchart illustrating a portion of the method
of manufacturing the electronic device illustrated 1n FIG. 4.
FIG. 10 1s a schematic perspective view of a portion of
clectronic device manufacturing equipment according to an
embodiment of the present invention. FIGS. 11A-11C are
cross-sectional views of electronic device manufacturing
equipment according to an embodiment of the present
invention.

FIG. 9 illustrates a partial process of the manufacturing

method 1llustrated 1n FIG. 4. FIG. 10 schematically illus-
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trates a second compression unit for compressing the second
pad. For ease of description, a variation of the electronic
manufacturing equipment according a manufacturing pro-
cess 1s 1llustrated in FIGS. 11A-11C. Hereinalter, an
embodiment of the present invention will be described with
reference to FIGS. 9-11C. The same eclements as those
described in FIGS. 1-8F are designated by the same refer-
ence symbols, and repeated descriptions thereol may be
omitted.

As 1llustrated 1n FIG. 9, the process (S500) of compress-
ing the second pad includes a process (S510) of aligning the
second pad, a process (5520) of performing temporary
compression (or pre-compression), and a process (S530) of
performing main compression. The process (S510) of align-
ing the second pad, the process (S520) of temporary com-
pression, and the process (S530) of main compression may
be performed by movement of a single stage. Accordingly,
while these processes are performed, the coupling between
the panel PN and the circuit board FB may be stably
maintained.

As 1llustrated 1n FI1G. 10, the panel PN 1s provided to the
second compression unit by the stage ST. The stage ST 1n
FIG. 10 may substantially correspond to the second stage
ST2 shown i FIG. 8E. The panel PN i1s provided to the
second compression unit in a state 1n which the panel PN 1s
coupled to the first portion CP1. The panel PN 1s provided
in a state 1 which the second portion CP2 1s over the panel
PN (e.g., 1n a state in which the second pad area PA2 of the
panel PN faces upward).

The second compression unit includes a clamp module
CLP (e.g., a clamp) and a pressing module UP. The clamp
module CLP clamps a portion of the second portion CP2.
The clamp module CLP may simultaneously (or concur-
rently) contact a top surface and a bottom surface of the
second portion CP2 to {ix the second portion CP2.

The second portion CP2 may be moved by movement of
the clamp module CLP. The clamp module CLP may be
vertically and horizontally moved. Accordingly, the second
portion CP2 may have a degree of freedom (e.g., a known
or predetermined degree of freedom) to be horizontally and
vertically moved 1n a state in which the first portion CP1,
which 1s connected to the second portion CP2 through the
main portion MP, 1s coupled to the panel PN. Accordingly,
because the clamping module CLP may finely align the
second portion CP2, the second portion CP2 may be aligned
with improved accuracy.

The pressing module UP presses the second portion CP2.
The pressing module UP presses the second portion CP2 on
the second pad area PA2 (refer to FIG. 2) to couple the
second portion CP2 to the panel PN.

The pressing module UP may include a length part SF1
and a pressing part PR1. The length part SF1 may extend 1n
the third direction D3. The length part SF1 connects a main
body of the second compression unit to the pressing part
PR1.

The pressing part PR1 may apply pressure or both pres-
sure and heat to the second portion CP2. The pressure may
be applied to the second portion CP2 as the pressing part
PR1 1s vertically moved along the length part SF1, or the
pressure may be applied to the second portion CP2 as the
length part SF1 1s vertically moved.

As 1llustrated 1in FIG. 11A, the second portion CP2 is
aligned on the panel PN by the clamping module CLP. For
example, the second portion CP2 may be aligned to be
disposed on the second pad area PA2 of the panel PN.

Thereafter, as illustrated 1n FIGS. 11B and 11C, the

pressing module UP presses the second portion CP2. As the
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pressing module UP presses the second portion CP2, a state
in which the clamping module CLP fixes the second portion
CP2 may be maintained. An area of the second portion CP2
fixed by the clamping module CLP and an area pressed by
the pressing module UP may not overlap with each other on
a plane. Because the second compression unit, according to
an embodiment of the present invention, includes the clamp-
ing module CLP, the second portion CP2 may be stably
compressed 1n a state 1n which the second portion CP2 is
aligned.

The second compression unit may further include a
backup module SP. The backup module SP 1s provided
below the panel PN to support a portion of the panel PN. The
backup module SP may include a length part HP and a head
part BP. In the 1llustrated embodiment, the backup module
SP may correspond to (e.g., may be the same as or substan-
tially similar to) the backup module SP shown 1n FIG. 7C
but may be disposed on a different position on a plane.

The backup module SP may face the pressing module UP
with the panel PN therebetween. Accordingly, the backup
module SP, the pressing module UP, and the second pad area
PA2 may overlap each other on the plane. The backup
module SP and the pressing module UP do not overlap (are
oflset from) the first portion CP1 on the plane. Accordingly,
the second compression unit may not aflect the first portion
CP1 that 1s pre-attached (e.g., that was previously attached)
to the panel PN and may stably compress the second portion

CP2 to the panel PN.

FIG. 12 1s a schematic cross-sectional view of electronic
device manufacturing equipment according to an embodi-
ment of the present invention. FIG. 12 1llustrates an 1mspec-
tion umt of the electronic device manufacturing equipment.
The spection unit performs the process (S600) of mspect-
ing 1llustrated in FIG. 4. Hereinafter, the inspection unit
according to an embodiment of the present invention will be
turther described with reference to FIG. 12. The same
clements as those described with reference to FIGS. 1-11C
are designated by the same reference symbols, and repeated
descriptions thereol may be omitted.

As 1llustrated i FIG. 12, the inspection unit includes a
first 1nspection module EM1 and a second inspection mod-
ule EM2. The first inspection module EM1 and the second
inspection module EM2 may be vertically spaced from each
other with the panel PN therebetween.

When the panel PN 1s provided to the mspection unit, the
ispection unit mspects the panel PN. The panel PN pro-
vided to the ispection unit may be an electronic device to
which each of the first and second portions CP1 and CP2 of
the circuit board 1s coupled. The spection unit may be
driven aiter the process of compressing the second portion
CP2 to the panel PN as illustrated 1in FIG. 9.

However, the present mvention i1s not limited to this
sequence of the inspection unit. For example, the inspection
unit may be driven between the process (S300) of compress-
ing the first pad and the process (S400) of reversing. The
inspection unit may inspect a coupling state of the first
portion CP1 to the panel PN. In other embodiments, elec-
tronic device manufacturing equipment may include a plu-
rality of ispection units. The inspection unit may be of
vartous suitable types and are not limited by any one
embodiment.

Each of the first mnspection module EM1 and the second
ispection module EM2 may check a coupling state between
the panel PN and the circuit board FB. The first inspection
module EM1 may check a coupling state between the panel
PN and the first portion CP1, and the second inspection
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module EM2 may check a coupling state between the panel
PN and the second portion CP2.

Each of the first imnspection module EM1 and the second
inspection module EM2 may inspect (e.g., check) an align-
ment relationship between the circuit board FB and the panel
PN, a defect, such as indentation, and a degree to which a
portion of a conductive adhesion member flows outside the
first portion CP1 or the second portion CP2.

Because the first mspection module EM1 and the second
ispection module EM2 may be horizontally moved to
inspect whether or not the electronic device 1s defective, an
ispection of an entire surface of the electronic device may
be easily performed even when the stage 1s fixed. Also, as
the mspection unit, according to an embodiment of the
present invention, includes the first inspection module EM1
and the second 1nspection module EM2, the coupling state
between the first portion CP1 and the second portion CP2,
which are respectively coupled to different surfaces of the
panel PN, may be easily checked.

FIG. 13A 1s a perspective view of an electronic device
according to an embodiment of the present invention, and
FIG. 13B 1s an exploded perspective view of the electronic
device shown 1n FIG. 13 A. The electronic device, according
to an embodiment of the present invention, will be further
described with reference to FIGS. 13A and 13B. The same
clements as those described with reference to FIGS. 1-12 are
designated by the same reference symbols, and repeated
descriptions thereol may be omitted.

An electronic device 100-1 includes a panel PN-1, a
circuit board FB-1, a first conductive coupling member AF1,
a second conductive coupling member AF2, and a third
conductive coupling member AF3. The panel PN-1 may be
divided into an active area AA and a peripheral area NAA.
The active area AA may be activated (or driven) according
to an electric signal and may correspond to the active area
of the panel shown 1n FIG. 1.

The peripheral area NAA may include a first pad area
PA1, a second pad area PA2, and a third pad area PA3. The
first pad area PA1, the second pad area PA2, and the third
pad area PA3 may be arranged along (e.g., may be adjacent
to each other in) the first direction D1. In the 1llustrated
embodiment, the second pad area PA2 may be spaced from
the third pad area PA3 with the first pad area PA1 therebe-
tween.

The first pad area PA1 1s defined on a top surface of the
panel PN-1. The first pad area PA1 may correspond to (e.g.,
may be similar to) the first pad area PA1 shown in FIG. 2,
with positions thereof on a plane being slightly different.

The second pad area PA2 1s defined on a bottom surface
of the panel PN-1. The second pad area PA2 may correspond
to (e.g., may be similar to) the second pad area PA2 shown
in FIG. 2, with positions thereof on a plane being slightly
different.

The third pad area PA3 may be defined on the bottom
surface of the panel PN-1. Accordingly, the second pad area
PA2 and the third pad area PA3 may be defined on the
surface different from that on which the first pad area PA1l
1s defined.

The circuit board FB-1 includes a first portion CP1, a
second portion CP2, and a third portion CP3. Each of the
first portion CP1, the second portion CP2, and the third
portion CP3 may protrude from a main portion MP toward
the panel PN-1. For example, each of the first portion CP1,
the second portion CP2, and the third portion CP3 may
extend 1n the second direction D2.

Pads may be disposed on each of the first portion CP1, the
second portion CP2, and the third portion CP3. Each of the
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first portion CP1, the second portion CP2, and the third
portion CP3 includes pads respectively corresponding to the
first pad area PA1, the second pad areca PA2, and the third
pad area PA3.

Accordingly, the pads may be provided on a bottom
surface of the first portion CP1, and the first portion CP1
may be coupled to the upper surface of the panel PN-1. The
first portion CP1 1s coupled to the panel PN-1 by the first
conductive coupling member AF1 disposed on the first pad
area PA1.

The pads may be provided on a top surface of the second
portion CP2, and the second portion CP2 may be coupled to
the lower surface of the panel PN-1. The second portion CP2
1s coupled to the panel PN-1 by the second conductive
coupling member AF2 disposed below the second pad area
PA2.

The pads may be provided on a top surface of the third
portion CP3, and the third portion CP3 may be coupled to
the lower surface of the panel PN-1. The third portion CP3
1s coupled to the panel PN-1 by the third conductive cou-
pling member AF3 disposed below the third pad area PA3.
The circuit board FB-1, according to an embodiment of the
present invention, may include the three portions CP1-CP3,
and the three portions CP1-CP3 cross above and below the
panel PN-1 along the first direction D1 to couple the circuit
board FB-1 to the panel PN-1.

FIG. 14A 1s a flowchart illustrating an electronic device
manufacturing method according to an embodiment of the
present invention, and FIG. 14B 1s a flowchart 1llustrating a
partial process ol the electronic device manufacturing
method illustrated 1n FIG. 14A. Hereinafter, an electronic
device manufacturing method according an embodiment of
the present mvention will be described with reference to
FIGS. 14A and 14B. The same elements as those described
with respect to FIGS. 1-13B are designated by the same
reference symbols, and repeated descriptions thereof may be
omitted.

As 1llustrated 1n FIG. 14A, an electronic device manu-
facturing method may further include, with respect to the
clectronic device manufacturing method 1llustrated in FIG.
4, a process (S700) of compressing a third pad. Processes
other than the process (S700) of compressing the third pad
are the same as or substantially the same as those described
with reference to FIG. 4 and, therefore, repeated descriptions
thereol may be omuitted.

Because the electronic device includes the circuit board
FB-1, which includes the third portion CP3, and the panel
PN-1, which includes the third pad area PA3, the process
(S700) of compressing the third pad may be further pro-
vided. The process (S700) of compressing the third pad may
be performed between the process (S500) of compressing,
the second pad and the process (S600 1n FIG. 4) of mspect-
ing.

As 1illustrated mn FIG. 14B, the process (S700) of com-
pressing the third pad may include a process (S710) of
aligning the third pad, a process (S720) of performing
temporary compression on the third pad, and a process
(S730) of performing main compression on the third pad.

In the process (S710) of aligning the third pad, the third
portion CP3 1s disposed to face the third pad area PA3 of the
panel PN-1. Thereafter, in the process (8720) of performing,
the temporary compression on the third pad, the third portion
CP3 i1s pressed on the third pad area PA3. During this
process, the third conductive coupling member AF3 (refer to
FIG. 13B) 1s phase-changed to allow the third portion CP3
and the panel PN-1 to be physically connected to (e.g.,
adhered to) each other.
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Thereatter, 1n the process (S730) of performing the main
compression on the third pad, a coupling force between the
third portion CP3 and the panel PN-1 may increase. The
process (S730) of performing the main compression on the
third pad may provide pressure and/or temperature (e.g.,
heat) to the third portion CP3, which 1s greater than that
provided to the third portion CP3 in the process (5720) of
performing the temporary compression on the third pad.

FIG. 15A 1s a perspective view of electronic device
manufacturing equipment according to an embodiment of
the present invention, and FIG. 15B 1s a cross-sectional view

of the electronic device manufacturing equipment shown 1n

FIG. 15A.

FIGS. 15A and 15B 1illustrate electronic device manufac-
turing equipment including a stage ST and a compression
unmt. FIGS. 15A and 15B illustrate the compression unit in
the process (S300) of compressing the first pad from among
the processes illustrated 1n FIG. 14A. Hereinatter, the elec-
tronic device manufacturing equipment according an
embodiment of the present invention will be further
described with reference to FIGS. 15A and 135B.

As 1llustrated in FIGS. 15A and 15B, the compression unit
may include a fixing and pressing module P11, a first fixing
module PT2, and a second fixing module PT3.

The fixing and pressing module P11 fixes and presses the
first portion CP1. The fixing and pressing module PT1 may
include an adherence part AD1, a pressing part PR, and a
length part SF. The adherence part AD1 adheres to the first
portion CP1 to allow the first portion CP1 to be moved by
the fixing and pressing module PT1. The pressing part PR
presses the first portion CP1 on the first pad area PA1. The
length part SF controls vertical movement of the fixing and
pressing module PT1. The fixing and pressing module PT1
may correspond to the fixing and pressing module shown in
FIG. 6 and, thus, a repeated description thereof may be
omitted.

The first fixing module P12 fixes the second portion CP2.
The first fixing module P12 adheres to a top surface of the
second portion CP2 to allow the second portion CP2 to be
moved by movement of the first fixing module PT2. The first
fixing module PT2 may correspond to the fixing module
shown 1n FIG. 6 and, thus, a repeated description thereof
may be omitted.

The compression unit, according to an embodiment of the
present mvention, may further include the second fixing
module P13, different from the embodiment shown in FIG.
6. The second fixing module P13 fixes the third portion CP3.
The second fixing module P13 adheres to a top surface of
the third portion CP3 to allow the third portion CP3 to be
moved by movement of the second fixing module PT3. The
second fixing module PT3 may include an adherence part
AD3 configured to adhere to the third portion CP3 and a
length part LP connecting the adherence part AD3 to the
main body. The second fixing module P13 may substantially
correspond to (e.g., may be substantially similar to) the first
fixing module PT2.

As 1llustrated in FIG. 15B, 1n the process of aligning the
circuit board, the first portion CP1 1s aligned to be disposed
above the panel PN-1 and the second portion CP2 and the
third portion CP3 are aligned to be disposed below the panel
PN-1. The fixing and pressing module PT1 may be moved
relatively upwardly to dispose the first portion CP1 above
the panel PN-1, and each of the first fixing module P12 and
the second fixing module PT3 may be moved relatively
downwardly to dispose the second portion CP2 and the third
portion CP3 below the panel PN-1.
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As the electronic device manufacturing equipment,
according to an embodiment of the present invention,
includes the fixing and pressing module P11, the first fixing
module PT2, and the second fixing module PT3, which are
independently controllable, the electronic device manufac-
turing equipment may easily align a plurality of portions of
the circuit board FB-1, which are respectively coupled to
different surfaces of the panel PN-1.

According to embodiments of the present invention,
because the circuit board 1s fixed and aligned by using
different methods depending on the surface on which the
pads are to be disposed, the circuit board may not be
damaged, and the pressing tool and the fixing tool may not
interfere with each other.

Although exemplary embodiments of the present inven-
tion have been described, it 1s understood that the present
invention should not be limited to these exemplary embodi-
ments and that various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present mnvention.

Hence, the scope of the present invention shall be deter-
mined at least by the technical scope of the accompanying,
claims and their equivalents.

What 1s claimed 1s:

1. A method of manufacturing an electronic device com-
prising a panel and a circuit board, the panel having an active
area, a first pad area adjacent to the active area, and a second
pad area adjacent to the active area, the circuit board
comprising a main portion, a first portion connected to the
main portion and comprising first pads on one side of the
circuit board, and a second portion connected to the main
portion, spaced from the first portion on a plane, and
comprising second pads on another side of the circuit board,
the method comprising:

placing the panel on a stage;

aligning the circuit board with the panel such that a lower

surface of the first portion of the circuit board 1s over
and faces an upper surface of the panel and the first
pads of the circuit board face the first pad area and an
upper surface of the second portion of the circuit board
1s below and faces a lower surface of the panel and the
second pads of the circuit board face the second pad
area;

moving the first portion of the circuit board by contacting

an upper surface of the first portion;

moving the second portion of the circuit board by con-

tacting the upper surface of the second portion;
supporting the second portion of the circuit board by
contacting the lower surface of the second portion; and
compressing the first portion of the circuit board to the
first pad area of the panel.

2. The method of claim 1, wherein the aligning of the
circuit board comprises moving the panel horizontally via
the stage.

3. The method of claiam 1, wherein the circuit board
turther comprises a third portion spaced from the second
portion with the first portion between the second and third
portions,

10

15

20

25

30

35

40

45

50

55

24

wherein the third portion comprises third pads on the
other side of the circuit board and separate from the first
pads and the second pads, and

wherein the aligning of the circuit board comprises con-
currently aligning the first portion, the second portion,
and third portion via external contact to the first portion
on the one side of the circuit board, to the second
portion on the one side of the circuit board, and to the
third portion on the one side of the circuit board.

4. The method of claim 3, wherein the panel further
comprises a third pad area adjacent to the active area and
spaced from the first pad area and the second pad area, and

wherein the aligning of the circuit board further comprises
aligning the third portion of the circuit board under the
lower surface of the panel.

5. The method of claim 1, further comprising:

reversing the panel about 180° about a rotational axis such
that the second pad area faces upward, the rotational
ax1s having an extension direction crossing a direction
along which the first pad area and the second pad area

are arranged;

aligning the second portion of the circuit board with the
second pad area of the panel; and

compressing the second portion to the second pad area.

6. The method of claim 5, wherein the aligning of the
second portion of the circuit board comprises moving the
stage on which the panel 1s arranged 1n a direction parallel
to the extension direction of the rotational axis.

7. The method of claim 5, wherein the aligning of the
second portion of the circuit board comprises vertically and
horizontally moving the second portion via a clamp.

8. The method of claim 7, wherein the compressing of the
second portion to the second pad area 1s performed while the
second portion 1s fixed by the clamp.

9. The method of claim 8, wherein the aligning of the
second portion of the circuit board 1s performed while the
first portion 1s attached to the first pad area.

10. The method of claim 1, wherein the compressing of
the first portion to the first pad area comprises:

performing temporary compression such that the first
portion 1s temporarily compressed to the first pad area;
and

performing main compression such that the first portion 1s
compressed to the first pad area at a temperature and a
pressure higher than those 1n the performing of the
temporary compression.

11. The method of claim 10, further comprising moving
the stage after the performing of the temporary compression
and before the performing of the main compression.

12. The method of claim 11, wherein the moving of the
stage occurs after the performing the temporarily compres-
sion of the first portion to the first pad area and before the
performing of the main compression.

¥ ¥ # ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

